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EFFECT OF CONFIGURATION VARIABLES ON THE
SUBSONIC LONGITUDINAL STABILITY CHARACTERISTICS
OF A HIGH-TAIL TRANSPORT CONFIGURATTON

By Edward J. Ray and Robert T. Taylor
Langley Research Center

SUMMARY

An investigation has bee: made to determine the effects at high angles o”
attack of configuration variabies on the scatic aerodynamic characteristies of
a typical high-tail transport configuration. Tests were made in the Langley
high-speed 7- by 10-foot tunnel a* a Mach number of 0.21 and a Reynolds number
of 0.78 x 106, based on the wing mean aerodynamic chord. Data are also included
from tests made in the Langley transonic dynemics tunnel to determine the effect
of .Mach number. The test angle-of-attack range extended from about -59 to 50°.

The configuratign variables which were investigated included body size ana
shape, nacelle size and location, wing section, and horizontal-tail vertical
position, size, and taper ratio. The effects of wing leading-edge devices and
wing doubie-slotted flaps on the longitudinal aerodynamic characteristics were
determined for the basic high-tail configuration. In addition, the control
effectiveness of the horizontal stabilizers and the erfectiveness of the
spuiler, aileron, and rudder controls were determined for selected test con-
figurations to angles of attack of about 50°, Preliminary sideslip effects
were also determined for the basic configuration.

The investigation showed that nonlinearity of the post-stall pitching-
moment curve was traceable, to a large extent, to the nacelle wake which at high
angles of attack blankets the horizcntal tail. The fuselage-forebody lift, at
high angles of attack, was also shown to influence the pitcn curve past the
stall of the wing. Factors such as increased fuselage cross-section size and
increased forebody length aggravated the post-stall pitck nonlinearity, but
fuselage wake effects did not change the available tail power to any appreci-
able extent.

Increased horizontal-tail size was shown to have a favorable effect on the
post-stall pitch curve. Auxiliary horizontal-tail surfaces loctied low on the
after part of the fuselage provided a similar but mcire pronounced linearizing
effect. Significant improvements in the post-stall pitching-moment character-
istics were obtained by relocating the aft-mounted nacelles to positions where .
the nacelies were shielded by the wake of the wing or fuselage.
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INTRODUCTION

In the past several years many aircraft have been built which have euployed
horizontal stabilizers mounted high on the vertical fin. Research conducted
from 1947 to 1958 has shown that such configurations properly designed exhibit
linear pitching-moment characteristics up to the angle of attack at which the
wingz stalls. Beyond the primery wing stall, however, very little is documented
concerning configuration variables which tend to produce satisfactory pitching-
moment characteristics. Therefore, the National Aeronauties and Space
Administration has initiated an experimental wind-tunnel program in order to
study the configuration variables which might be expected to affect tke lipear-
ity of the pitching-moment curve beyond the primary wing stall.

The purpose of thils paper is to present sele~ted results obtained from the
experimental wind-tunnel program to provide an indication of the effects of:
body size and shape, nacelle size and location, wing leading-edge devices, wing
double-elotted flap, wing section, and horizontal-.teil vertical position, size,
and taper ratio on the longitudinal aerodynamic characteristics of a typical

- high-tail transport configuration. In addition, experimental resuits are.

included herein which show the control effectiveness of the horizontal stabi-

~lizer and the effectiveness of the spoiler, aiieron, and rudder coutrols of the

test configurations. Preliminary sideslip effects are also i .ciuded for the
basic configuration.

Tests were conducted in the Langley high-speed 7- by lCo-foot tunnel at a
Mach number of 0.21 and a Reynoids number of 0.78 X 106, based on the wing mean
aerodynamic chord. Data are also included from tesis made in the Iangley
trarsonic dynamics tunnel to determine the effect of Mach number. The test
angle-of-attack range extended from about -5° to 50°.

In order to>expedite publication, these data are presented without detailed
analysis.

SYMBCLS

The data which are presented herein are referred to the body-axis system™
with the exception of 1ift and lrag which are referred to the stability-axis
system. All the Jata contained herein are referred to a moment center located
at the 0.40 point of the mean aerodynamic chord of the basic wing. (See
figs. 1(a) to (d).) The coefficients were nondimensionalized by using the
geometry oi the basic wing with the exception of the coefficients for the con-
figurations having reduced wing aspect ratios. (See table I.) .

.The units used f ' the physical quantities defined in this paper are given
both in U.S. Customary Units and in the International System orf Units (SI).
Factors relating the two systems are given in reference 1.




A aspect ratio, b2/s

b reference wing span, 46.40 inches (117.86 centimeters)
c local chord of airfoil, inches (centimeters)
¢ mean aerodyramic chord of basic wing, 6.69 inches (16.99 centimeters)
Cp drag coefficient, D;gg
oL 1ift coefficient, =it
, Rolling moment
Cy - rolling-moment coefficient, =
| ' R
[
E C1g effective dihedral parameter, oC;/d8
Cn ' pitching-moment coefficient, Pitchiﬁ%émoment_
Cn yawing-moment coefficient, Yawinié:oment
Cng directional stability parameter, Cp/dp
Cy ride-force coefficient,  4§5329523
* D
: L/D lift-drag ratio
' (L/D)pax maximum 1ift-drag ratio
g M free-stream Mach number
1 q free-stream dynamic pressvre, pounds per square foot (newton per
square meter)
s area of basic wing, including body intercept, 1.92 square feet
(0.1784% square meter)
» Sg, area of auxiliary horizontal tail, sqparé'fééf (square meters)
| - .
S¢ area of horizontal tail, square fzet (square neters)
R Reynolds mmber based on ¢
: )
b'e . longitudinal distance from the leading edge of airfoll section,
measured in reference plane
b)
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vertical distance from airfoil section reference plane to upper
surface of airfoil (positive direction up)

vertical distance from -irfoll section reference plane to lower
surface of airfoil (positive direction up)

vertical distance frcm wing reference plane to horizontal tail
reference plane (positive direction up)

incidence of horizontal tail (negative trailing edge up), degrees
angle of attack, degrees

deflection of aileron (negative trailing edge up), degrees
d~flection of rudder (negative trailing edge right), degrees

sldeslip angle, degrees

Model components:

B1
Bo

B3
By

"pear-shaped" body having larger radius on top

"pear~shaped" body having larger radius on bottom

circular oody |

small body

combinatioﬁ of By and Bp. Bp shape forward and B) shape rearward
shortened By

basic wing, having NACA 6LALO9 airfoil section

basic wing equipped with double-slotted flaps

wing having NACA 23012 airfoil section

small horizontal tail having teper ratio 0.29 and %? = 0,17
medium horizontal tail having taper ratio 0.29 and %; = 0.22
large horizontal tail having taper ratio 0.29 and %; = 0.30

large horizontal tail having taper ratio 1.00 and S? = 0.28

o]




Nl small nacelle

No medium (basic) nacelle

N3 large nacelle

Vi vertical tail having horizontal-tail pivot 10.80 inches
(27.43 centimeters) ahove wing reference plane

Vo vertical tail having horizontal-tail pivot 12.80 inches
(32.51 centimeters) above wing reference plane '

V3 vertical tail having horizontal-tail pivct 8.80 inches
(22.35 ‘entimeters) above wing reference plane

Vi verticel tail having horizontal-tail pivot 6.50 inches
(17.53 centimzters) above ving reference plane

Vs vertical tail having horizontai-taill pivot in wing reference plane

Vg vertical tail having horizontal-tail pivot 1.0 inch
(2.54 centimeters) below wing reference plane

, ‘ S
Hyy small auxiliary horizontal tail having ?§-= 0.0k
Hpo medium auxiliary horizontal tail having %? = 0.08
- Sa._

HA} large suxiliary horizontal tail having 3z = 0.13

S fuli-span spoiler on upper surface of right wing panel

S inboard spoiler on upper surface of right wing panelv

DESCRIPTION OF MODELS

Drawings of four of the test confirurations, various model components, and
nacelle arrangements are presented in figures 1(a) to (m). Photographs of the
basic configuration installed in the two test facilitles are shown in figure 2.
The geometric characteristics of the model components and ordinates of the high-
1ift devices are presented in tables I and II, respectively.

Bodies

The typical cross sectlon of the basic body By had slightly flattened
sides, a circular bottom portion, and e larger circular top portion. Except




for small areas niar the nose and the aft part of body 1, the differences in
the radii of the circular portions resulted in a "-,:ar-shaped" fuselage. (See
fig. 1(a).) Body 2 Bo as shown in figure 1(b) w* .n inverted version of

body 1. Figure 1(c) shows the details of the c. .r body Bz. The volumes of

bodies 1, 2, and 3 were very nearly the same; however, the volume c body 4 was
somewhat smaller. The characteristic cross section of the smaller bdd&'Bh

(fig. 1(d)) was similar in shape to the typical cross section of body 1. Fody 5
(no drawing included) was similar to bodies 1 and 2 in that the cross section
of the forward portion was that of body 2 and of the rearward pertion was that
of body 1. The irregularities occurring at the juncture of two different hody
shapes were falred at fuselage station 31.70 (80.52). Body 6 (no drawing
included) was the basic body B, with 6 inches of the fuselage removed from the

body Jjust ahead of the wing apex.

Viings

The three wings which were tested in the present investigation are referred
%o as Wi, Wp, and Ws. The basic wing Wy was composed of NACA 6LALO9 airfoil

sections oriented streamwise. A limited control-effectiveness study was made
with a spoiler and aileron system on the right panel of Wj. Details of the
spoiler and aileron arrangement are shown in figure 1(e). The high-1ift wing
Wo was identical to Wi with the exception of the full-span leading-edge slat

and double-slotted flaps on Wo. Details of the slat and flap system are shown

in figure 1(f) and ordinates of the slat, vane, and flap are presented in
table II. The wing W3 having an sspect ratic o 7.8 was identical in planform

to Wy but differed in airfoil sectior. The Wz alrfoii was composed of NACA

23012 sections oriented streamwize. The w5 configuration was eiso tested with
lower wing aspect ratios reduced vy clippirg the tips of the wing. The root
chords of all the test wings were located ou the bodies at the s:me fuselage
station.

Horizontal 1ailis, Auxiliiary Horizontal Tails,
and Vertical Tails

The horizontal tails, auxiliary norizontal tails, anl v~ tical tails were
composed of NACA 0009 airfoil sections orlented streamwi:-. ‘“he 0.25 point of
the mean aerodynamic chord of each horizeontal tail was ut “uselage station
51.20 (130.05) for all the tests in order to maintain & coucstant horizontal-tail
moment arm. Figure 1(g) shows the details of the horizsnral tails.

The positions of the 0.25 point of the mean acrodyramic chord of the three
auxiliary horizontal tails were identical with rcspect to the moment reference
center and the wing reference plane. Details of the auxiliary horizontal tails
are shown in figure 1(h).




The vertical tall was equipped with a rudder which could be déflectéd 2n°,
b drawing showing the dimensions of the vertical tail with rudder is presented
as figure 1(1i). : :

Nacelles

Details of the three test nacelles in the original locations are showﬁ in
figure 1(j). The basic nacelles No were tested in several positions other than

the position indicated in figure 1(j). Figure 1(k) shows the basic nacelles No

in the wing-mounted position and figure 1(1) indicates the location of the basic
nacelles in the aft position. In addition to the aforementioned nacelle posi-.
tions, changes were made in the basic nacelle location which consisted. of only
a longitudinal relocation. These nacelle positions are zhown in figureJl(m).f

TESTS AND CORRECTTONS ~ + . =, "

<

‘The basic investigation was made in the Langley high-speed 7- by lO-fJot,n
tunnel with the slots in <che test section closed. Additional tests were con-
ducted at Mach numbers ranging from 0.20 to 0.91 in the ILangley transonic

conditions in the 7- by 10-foot tunnel during the inrestigation were a frae-
: stream Mach number of 0.21, a free-streem dynamic pressure of 65 lb/sq ft >
(3112 N/m2), end a Reynolds number based on & of 0.78 x 100. ~The average

test conditions which existed in the transonic dynamics tunnel during the
investigation are shown in the following table: ,

Stagnation Stagnation
M pressure temperature R o
1b/sq ft N/m? OF oK
0.20 2 000 S5 760 80 299.82 0.71 x 100
L0 1 150 55 062 . 105 313.71 Nal
.60 850 40 698 130 327.59 71
: .80 L40 21 067 120 322,04 43
| .86 430 20 588 120 322,04 A3
.91 400 19 152 130 327.59 43

components. All test models were sting mounted ind forces and moments were
measured by means of a six-component, strain-gage balance mounted within the
model bodies. The angle-of-attack range extended from, at leas., -5° to0 470,
Transition strips approximately 1/8 inch (0.3175 centimeter) wide of No. 100
carborundum grains were placed at the 5-percent chord of the airfoils, bodies,
and nacelles.

E The investigation included tests»of six bodies combined with various model
:
l

dynamics tunnel, a variable-pressure continuous-fiow facili*y. The average tht‘:;,j’ﬂ




The angles of sctack have been corrected for combined deflection of the
sting-support system and btalance under load. Pressures at the base of the
bodies were corrected to corresponi to the free-stream static pressure. The
axial-force coefficients due to intcrnal skin friction of the nacelles were
calculated for each test Mach number and were subtracted fcr all configurations
investigated. Jet-boundary corrections calculated by the method of reference 2
have been applied to the angle-of-attack and drag values obtzined from the
investigation in the Langley high-speed T- by 10-foot tumnel. In addition, the
data obtained in the T7- by 10-foot tunnel were corrected for blockage as deter-
mined by the method of reference 3. The jct-boundary and blockage corrections
for the tests in the Langley trausonic dynamics tunnel were found to be
negligible.

Throughout the investigation, the test configurations were retested for
each comparison which was made. For example, the basic configuration was
retest=d when the effect of nacelle size or horizontal-tail size was deter-
mined. Discrepancies which are attributed to balance inaccuraclies, slight
errors in horizontal-tail settings, and model roughness were ncted in the
repeat tests. The maximum discrepancies of the longitudinal aerodynamic datea
included herein are shown in the following table:

CL ® © & & ¢ o o6 o o e e @ e o o = .V ¢ 0 o o & & o o e e * o o e o e @ i‘0.0lOO
CD - . * L ] L ] . - L ] . L] * * L] . L d L] L] - * L L * - L] . L] L d - . .7 - L] * - t'j.om?
Cm (G.=~10° to 200) € ® & e e ® e & ¢ e o & o ° o ® e s ° e o e = & e 1-0002
Cn (@ =20010500) & v v v v v v e e o e e e o o o o e e eee e +0.01

(L/D)pgay # » = @ ¢ v o v o e e e e e e e e e e e e e e e e e e e +0.15
PRESENTATION OF RESULTS

The basic data determined from the investigation are presentel in fig-
ures 3 to 30. The effects of several configuration variatles on tre longitudi-
nal stability characteristics of the basic configuration are summerized in

figures 31 to 35.

The longitudinal stability characteristics for each of the test configura-
tions have been included in the data figures; however, the 1lift and drag results
for all the test configurations are not presented herein. The irag data which
are presented were selected on the basis of acceptable repeatab.ility and agree-
ment with estimated values. In most cases, the drag coefficicrcis which were
determined at high angles of attack, that is, angles of attack abuve approxi-
mately 20°, are not shown in the data figuces. An outline of the contents of
the data figures is as follows:




Figure

Effect of model components on longitudinal aerody ic characteristics

of test configurations. =0.21; R=0.8x10°........... 3
Longitudinal control effectivenebs of body 1 configuration without

naceiles (ByViWiHp)-. M=02; R=0.8X10° .. ...vououeoo b
Longitudinal control effectiveness of body 1 configuretion with

nacellpo(BlvlwlNEHQ) M=021; R=08x10° .. ......... 5
Longitudinal control effectiveness of body 1 configuration with large

horizontal tails Hs having a taper ratio of 0.29 (31V1W1N233)

M =0.21; R = 0.78x10% . ... e e ... 6
Longitudinal control effectiveness of body 1 configuration WiLh

large horizontal tails Hj having a taper ratio of 1.00

(Blvlwlngm,,) M=0213R=08x2100. ... ............ 7
Longituaﬁna¢ control effectiveness of b 2 configuration

\BQVJ_W]_HQNQ} ¥=023R=08x10°................ 8
Tongitudinal control effectiveness of bggy 3 configuration

(B3V1W1H2N2). M=0.213 R=0.78 x1
Longitudinal control effectiveness cof body Y4 configuration without

nacelles (ByViWiHp). M = 0.21; R=0.78 x10% . ... ... ... .. 10
Tongitudinal control effectiveness of body b configuration with

uacelles (B,VyW3NgHp). M=02; R=0.78%x10 ... ... . 11
Effect of body size and shape on longitudinal stiubility

characteristics. M=0.21; R=0.78x 106 . . ... .. ...... 12
Effect of fuselage length on longitudinal stability characueristics

of basic configuration (BjVaWjHpNp). M = 0.21; K = 0.78 x106 . ... 13
Effect of nacelle pcsition on longitudinal stapility characteristics

of basic configuration (BjViWiHNp). M = 0.21; R = 0.78 x100 . ... 14
Effect of nacelle size on longitudinal stability characteristics of

the basic configuration (BlvllezNe). M=0.21; R = 0.78 x 106 s e o o 15
Effect of horizontal-tail size on longitudinal stability character-

istics of basic configuration (Blviwlﬂ2N2)' M = 0.21

0B X100 it e i e e e e e e e e e e .. 16

Effect of horizontal-tail height on longitudinal stability cha_-acter-

istics of basic configuration (BjViWiEgNp). M = 0.21;

R-078>'106............................ 17
Effect of nacelles on longitudinal stability characteristics of

basic configuration having various horizontal-tail heights.

M=0.2; F=08x100 . . v v v eeeeneeeoeeeoess.. 18
Effect of auxiliary horizontal tails on longitudinal stabilitv

characteristics of basic configuration (BlvlleQNg). M = 0.21;

R =0.T8 X100 o v v e o v e o o e b et e ettt 19
Effect of wing slats on longitudinal aerodynamic characteristics of

basic configuration (BlvlwlNEHQ) M=0.21; R = 0.78 X 100...... 2

c o s o o e e e e e e e e 9




Effect of wing fiaps ard slats on longitudlna1 aerodynamic character-
istics of basic configuration (Blvlv’lNEHn M = 0.21;

R=0.Bx10°.......... ..
Effect of rudder deilection on 1ongttudinal and laferal Stdbilitj
characteristics of basic configuration (p~VlW1H9h2). M = 0.21;

R-O78X106 *« ® @ ® & & o o & ¢ s e o ° e o o o . . . e

Effect of right wing aileron deflection on longitudinal and lateral
stabiiity characteristics of basic configuratica (Blvlwlazud)

M=0.21; R=0.T8 X100 v v v v v v v e e e eeeee i,
EffECu of right wirg aileron and spoiler deflections on longitudlnal
and lateral stability characteristics of basic configuration
(Bl‘JlWlneNe)o M = O 21 } = 0 78 X loo o @€ ® ® 6 e ¢ e o a4 o o o o
Effect of wing aspect ratic on longitudinal aerodynamic character-
isties of basic configuration with wing 3 (B1V1W3Haﬂ2)
M=0.21; R=0.8x10 . . . . ..o v vt e
Static lateral- and directional stability characteristics of basic
configuration (ByViWiHpNp). M =0.21; R =0.78 x 106 . . ... ..
Effect of wing airfoll section on longitudinal aerodynanmic
characteristics or basic coniiguration (B1V1W1N2H2) for
R-—O.(lx106atM-0hOar.d06Oand
=0.43 x 105 at M =0.80, 0.6, and 0.91 . + v & o v v . . . . ..
Effect of Mach number on longitud;nal control effectiveness of
basic configuration (Blv1w1N232) for
R = 0.71 x 10% at M = 0 40 ard 0.60 and
= 0.43 x 10% at M = 0.80, 0.85, and 0.91 . . + v + 4 4 o 4w . . .
Effect of Mach number on longitudinal control effectiveness of
wing 3 configuration (Blvlw3N232) for
R—07lx10§atM—020 0.40, aui 0.60 and

OijlobatM—OBfJandO._‘-)l_................
Effect of auxiliary horizontar tail on longitudinal aerodynamic charac-
teristics of basic configuration (B1V1W1N2H2) at Mach numbers

ranging from 0.20 to 0.60. R=06.7TL x10® . . . . v v v v v v . ..
Effect of body size and shapc on longitudinal stability character-
1stics of basic configurition (BjVi¥)Njfip). M = 0.2
O '78 x 106 . L] L L] . . . Ll L] . * L] - * . L] L] - L) . L] . - L] L)
Effect of nacelle position on longitudinal stability characteristics
of basic configuration (ByViWiNgHp). M = 0.21; & = 0.78 x 106 . . .
Effect of horizcntal-tail height, at a constant pitching-movent arm,

on longltudinal rstability characteristics of basic conriguration
(Blvl‘n’lNEHe\n M = 0-‘..1; R = 00'78 X 106; 1t = Oo e e e e o o o e o
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Figure

Eifect of horizontal-tail size, at a constant horizontal-tail arm,
on longitudinal stabllity characteristins of configuration (31V1W1N2)-

M =0.21; R = 0.78 « 106 . ... e e e e e e e .. 34
Effect of auxillary horizontal tails oun longitudlnal stability
characteristics of basic configuration (BlVlWlNQHQ) M =0.21;

R=0.78x100 . . . i et e e e e e e 3
DISCUSSION

The basic results of the investigation, shown in figures 3 to 20 are pre-
sented without detailed analysis “u order to expedite the putlication of <che
data. It should be remembered in using these data that a2ll the results con-
tained herein have been referred to a moment center located at the 0.40 point
of the mean aerodynamic chord of the basic wing. The summary figures (figs. 31
to 35) have been prepared to emphasize the effects of the configuration varia-
bles on the longituairal stability characteristics of the basic high-tail con-
figuration. The discussion contained herein is restricted to the summary
curves snd pertains only to the longitudinal stability charscteristies of
several of the test conftigurations at a Mach number of (.21, which corresponds

to a Reynolds number of 0.78 x 106.

A comparison of ihe longitudinal stability characteristics for the basic
By configuration and the small B), configuration, both with and without the

horizontal tail, is shown in figure 3]. Ii will be noted from figure 31 that
the smaller body By configuraticn is less unstable than the basic body By con-
figuration, both with and without the horizontal tail. In additicu, a com-
parison of the pitching-moment curves for configurations By and B, indicates

that, at an angle of attack of about 5h°, the increment in pitching-moment
coefficient between the tai’-off curve and the tail-on curve at eacu fuselage
size is approximately equal, an indication that the larger fuselage is equally
destabilizing with or without the horizontal tail. The difference in the lon-
gitudinal stability characteristics of the two configuratifons, therefore, is
attributed primarily to direct forebody 1lift rather than to changes in the flow
environment (wake effect) a: the horizontal tail.

The effects of nacelle position on the longitudinal stability characheris~
tics of the bhasic configuration are summarized in figure 32. An examination
or the pitching-moment curves for the basic configuration, shown in the center
oi the figure, indicates ‘hat the nacelie-pylon combination generally provides
a larger negativ= moment between angles of attack of 8° and 25°. At angles of
attack above 25°, however, the nacelle arrangement is destabilizing, a result
indiceting a significant effect of the nscelles on the flow environment at the
horizontal tail. The longitudinal stability characteristics of the basic con-
figuration with several other nacelle arrangements are shown in figure 32 to
illustrate the improvements in pitching-moment characteristice which can be
achieved by relocating the nacelles. For instaace, the results for the

11
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configuration with the nacelles in the aft position show that fuselage-mounted
nacelles may be added with essentially no effect on pitch.

The effect of horizontal-tail height on the longitudinal stability char-
acteristics of the basic configuration is shown in figure 3%. These results
at low angle of attack are i:1 general agreement with past research on the T-tail
problem, at an angle of attack of about 400, however, these data show a steady
tendency of the plitch curves (it = 0°) to approach the tail-off curve as tail
height increases.

The effect of adding horizontal-tail area to the basic Ligh-tail configura-
tion while maintaining the same horizontal-tail arm and height is shown in fig-
ure 34, A comparison of the pitching-moment curves for the basic configuration
gnd for the baslic configuration having a larger horizontal tail indicates that
the additional horizontal-tail area resulted in a sizable increase in the sta-
bility level of the basic configuration throughout the angle-cf-attack range
and eliminated the nose-up pitching moment at high argles of attack. The losses
in longitudinal stability, however, resulting from the impingement of the wake
system on the horizontal tails were very nearly the same for the two configura-
tions. Figure 35 shows the effect of additional low-~horizontal-tail area, in
the form of auxiliary horizontal tails, on the longitudinal stability character-
istics of the basic configuration. The auxiliary horizontal tails were placed
on the after fuselage, slightly above the wing-chord plane extended, with the
0.25 puint of the mean aerodynamic chord of each auxiliary tail et the same
fuselage station. (See fig. 1(h).) As shown in figure 35, the additional low-
horisontal-tail area was effective in alleviating the "pitch-up" tendency of
the basic configuration at angles of attack above the wing stall. An assess-
ment of the effect of the additioral low-horizontal-tail area, as compared with
the effect of the additional high-horizontel-tail area, can be made from the
results shown in figures 34 and 35. Values given in table I show that the
difference between the horizontal-tail area of the basic configuration with the
medium high tail Hp and the configuration with the large high tail A3 (fig. 34)

was approximately equal to the difference in horizontal-tail area between the
basic configuration and the basic configuration with the auxiliary horizontal
tail Hpo (fig. 35). A comparison of the pitching-moment results for those con-

figurations (B)ViWiNgHz and ByViW;NoHoHyo) indicetes that the add.ticnal low-

horizontul-tail area, at a somewhat shorter moment arm, was more effective past
the wing stall than the additional high-horizontal-tail area. This effect was
expected since the auxiliary horizontal tails sie not immersed in the wake
system of the configuration at the higher angles of attack.

CCNCLUDING REMARKS

The results ot the study have indiceted that the pitching-moment non-
linearity past the stall of the wing resuited primarily from the nacelle wake
which envelops the horizontal teil at high angles of attack. The fuselage-
forebody 1lift also influenced the pitch curve at high angles of attack past the
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stall of the wing. Increases in fuselage cross-section size and forebody
length aggravated the post-stall pitch nonlinearity.

Increased horizontal-tuil size favorably affected the post-stall pitch
curve. Auxiliary horizontal-:ail surfaces located low on the after part of the
fuselage provided a similar but more pronounced linearizing effect. Signifi-
cant improvements in the post-stall pitching-moment characteristics were
obtained by relocating the aft-nounted nacellies to positions where the nacelles
were shielded by the wake of th: wing or fuselage.

Langley Research Certer,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., July 22, 1965.
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL COMPONENTS

Body 1 (basic), body 2, and body 5:

Iength . . . .
Maximm width
Maximum height

- Body 3:

ILength . . . .
Maximum width

Maximum height
Fineness ratio

Body k:
Iengtk . . . .
Maximum width
Maximum height

Body 6:
Iength . . . .
Maximum width

Maximum height .

Wing 1 (basic):

Leading-edge sweep . . .

S]_)a.n. * o o o
Root chord . .
Tip chord . .

oooooooooooooooooooo
--------------------

--------------------

oooooooooooooooooooo
ccccccccccc
--------------------

....................

49.50
L. ok

--------------------
oooooooooooooooooooo

oooooooooooooooooooo

--------------------

oooooooooooooooooooo

. L] Ld . . L4 . ® ® e o o * @ w o v L L
oooooooooooooooooooo

in. (125.73 cm)
in. ( 14.73 cm)
in. ( 16.51 cm)
in. (125.73 cm)
in. ( 15.24 cm)
in. ( 15.24 cm)
8.26

in. (125.73 cm)
in. ( 10.77 cm)
in. ( 1%.28 cm)
in. (110.49 cm)
in. ( 14.73 cm)
in. ( 16.51 cm)
280

in., (117.86 cm)

in. ( 24.13 cm)
in. ( 6.10 cm)

Mean gerodynamic chord . . . «. « + « o v o o o o & & & 6.69 in. ( 16.99 cm)
ATEB « v« v o o o o o o o « o o o . e e e e e e e e 1.92 sq ft (0.178% mR)
Aspect ratio . . . . . . . . e e e e e e e e e e e 7.8
Alrfoill section . « v v ¢ v 4 4 4 v e e e e e e e NACA 64AL09
Wing 3 (aspect ratio T7.8):
Leading-edge SWEED o o« o o « o o o o o o o o + o o o . 28°
Span .« . . . . o o 5 4 o 5 s s s s 6 s s s 6 s e 45,40 in. (11.7.86 cm)
Root chord . . . ¢ ¢ 4 v v v 6 v o & v v v e e e e e 9.50 in. ( 24.13 cm)
Tip chord . . . . . .. e e e e e e e e e e e e e 2.40 in. ( 6.10 cm)
Mean aerodynamic chord . . . o « « « « o . c e e e e 6.69 in. ( 16.99 cm)
ATERB o v v ¢ o o o o o o o 0 .. R e e o+ . 1.92 8q £t (0.1784 m?)
Airfoll section . . . . . e o o o o o o o 4 . . NACA 23012
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL

Wing 3 (aspect ratio 6.5):
Leading-edge SWEED ¢« o ¢ o ¢ o ¢ o o o @ o o o o
SPEIL o o o o o « = o « o a o o o o o o o a s o o
Poot chord . . . ¢ ¢ o ¢ o 6 ¢ o o ¢ o o o o o« =
Tipchord .. « ¢« « o ¢ o o o o« o ¢ ¢ o s o o o
Mean aerodynamic chord . . . . . . . . . . . . .

AI‘ea [ ] [ ] L] . L ] * * L ] L] * L ] - - L] L] . . L] L] . . L]
Airfoil section . . « . ¢« ¢« ¢ o o . e e o o

Wing 3 (aspect ratio 5.25)
Lleading-€dgZe SWEED o ¢ o o o o o o o o o o o o o
SPBI ¢« ¢ ¢+ ¢ ¢ o o o o s s o 8 3 6 o o e e o o o
Root chord . . . . . e e s e s s e s e e s e e
Tipchord . . . « .+« ¢« « ¢« + « & e 4 e e e e e
Mean serodynamic chord . . . . « « ¢ ¢ ¢ o ¢ «
AT€8 o ¢ ¢ o o o o ¢« o + 8 8 o s s s e 8 s o o .
Airfoil section . . . . . e 6 o o s 8 o e o o o

.o

Wing 3 (aspect ratio 4.0):
Leading-edge SWEED « o o o o ¢ o + @

SPAN o« ¢« « o o ¢ o s ¢ o o o o o o o o o ¢ o o o
Root chord .« . o ¢ ¢ o o o o ¢« ¢ ¢ o o o o o o o
Tip chord + ¢ o ¢ ¢ ¢ ¢ o o o o o o o o o o o o
Mean aerodynamic chord . . . . . « « « « « ¢ ¢ &

Area . L] L] . . * L] L] . L4 L L] L L]

Alrfoil section . . & ¢ ¢ ¢ ¢ ¢ o o o o o o o o o

Horizontal tail 1:
Leading-edge sweep

\w L] L] . . . * - L] * . - L] . . . . . . L] . . L]
Root chom . - . * ® . L] . - L] . L] L - L . L d .
Tip chord . . . . e e e e e e e e e e

Mean aerodynamic chord

Area L 3 L] L] L] . L * * L] . L] * L[] L] . L] L] L] L] L] L] .
Aspect ratio . « ¢« ¢ ¢ 4 0 v 0 6 0 e e s e e
Taper ratio « ¢« ¢ ¢ ¢ o ¢ o o & s e s e b e e
Sb/S . . L] * L] L] L . L * L L] . L] L] L] L] L] LJ L L] L

Airfoll section . & ¢ ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o o o o e

Horizontal tail 2 (basic):
Leading-edge SWEED o « o ¢ o o o ¢ o ¢ o o o o o
Span [ ] . . L] L ] L] L] . L] L * [ ] L] L[] L] . . . . . L] L]
Root chord « o ¢ ¢ ¢ ¢ ¢ o s o o s o o o o o o o

. e o « 14.00 in. g
R 1.52 in. (
{
(

L] L4 L4 0’52 Sq ft

COMPONENTS - Continued

e o o 42,40 1n. (
e« « 9.50 in. (
e e+ 320 in. ( 8.13 cm)
e . . 6.871in. (
. . . 1.83% sq £t (0.1700 m?)
... NACA 23012

. . e 28°
e o o 35.40 in. ( 89.92 cm)
v e o 9.50 in. ( 24.13 cm)
e « . 390 1in. ( 9.91 cm)
« -« 7.09 in. ( 18.01 cm)
. « . 1.65 sq £t (0.1533 ne)
. .. NACA 23012

280

e « + 29.00 in. ( 73.66 cm)
.« v« 9.50 in. ( 24.13 cm)
e o« 4.731in. ( 12.01 cm)
.. 7.38 in. ( 18.75 cm)

1.43 sq £t (0.1329 m?)
« o NACA 23012

« e e 5.15 in.

.« . 3,67 in.

. o o 16.12 in. ( 40.95 cm)
e o o 5482 1in. ( 14.78 cm)

15




TABLE I.-~ GEOMETRIC

Tlp Chord . L . * L] * . L] * . . . -
Mean aerodynamic chord

Area

......

Aspect ratio . . . . . .. . .. ..

Tape ratio « ¢« ¢« ¢ & ¢ ¢ ¢ & & &

5¢/5
Airfoil section . . . ¢ & & « « & .

@ o & ¢ e e o 5 o o » o s o @

Horizontal tail 3:
Leading-edge sweep . . .
Span + . o 6 e o 0 s e @

Roct chord . . « v v ¢« o ¢ o ¢ o &

Tipchord . . . . . « . &

Mean aerodynemic chord .

Area . . . . . .

Aspect ratio . .

Taper ratio . . .

St/5

Airfoil section

Horizontal tail k4:
Leading-edge sweep . .

SPBIL &« ¢ ¢ ¢ ¢ 4 4 0 s e e 0 o o
Root chod . .. ... ... ...
Tipchord « « « o o o « o« o o « o &
Mean aerodynemic chord . . . . . .
ATea o o ¢ ¢ ¢ ¢ o 0 0 0 e 4 o e e
Aspect ratio . . . . . .+ ¢ . ..
Taper ratio « . . ¢ ¢ ¢ ¢ ¢ ¢« ¢ o &
Airfoil section . . . . . . . . . .

1:

. s o & e & o o

Auxiliary horizontal tail
Leading-edge sweep
Span (not including body intercept)
Root chord (at body Juncture) . . .
Tipchord « « ¢« ¢« ¢ ¢« o ¢ o ¢ o o »
Mean aerodynamic chord
Area (not including body intercept)
Aspect ratio . . . . . . ... ..
Taper vatio . . . « ¢« ¢ ¢ ¢ o ¢ + &
Sa /S
Airfoil section . . & & ¢ ¢ ¢ o« « &

16

CHARACTERISTICS

. o . *» o

------

. L] . -

. 3 » e 0

. . o

e« o o .
. . * o o
. . * o o
L] L] L[] L] L)
. L] [ ] L] L]

*® 8 & e @

. e o .

1.67 in.
4,13 in.

0.42 8g ft

OF MODEL COMPONENTS - Continued

( 4.24 cm)
( 10.49 cm)
(0.0390 m2)
4.3

0.29

0.22

NACA 0003
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TABLE I.- GEOMETRIC CHARACTERISTICS OF

Auxiliary horizontal tsil 2:

Leading-edge SWEED o « ¢« o o o o o o & 3 o
Spen (not including body intercept) . . .
Root chord {at body Jjuncture) . . . . . .
Tip chord . .« ¢« &+ ¢ ¢« ¢« o o e « o o« o o @
Mean aerodynamic chord . . « « « « « & o &
Area (not including body intercept) . . .
Aspect ratio . . . . ¢ v o o 0 o o .

Taper ratio .« « ¢ ¢ o o ¢« ¢ o ¢ o o o o .
Sa/S o o o o o e s b e e

Adrfoil section . « .+ ¢ . 4« ¢ ¢ ¢ 0 4 . e

Auxiliary herizontal tsil 3
Teading-edge SWEED o « o o o o o o o ¢ o @
Span (not including body intercept) . . .
Root chord (at body Jjuncture) . . . . . .
Tipchord . . « . ¢« ¢ ¢ ¢ o ¢ o o o o o &«
Mean aerodynamic chord . . . « « « « . . .
Aree (not including body intercept) . . .
Aspect ratio . . . « « < 0 o 00 000 .
Taper ratio .« « ¢ ¢ ¢ ¢ ¢ o o o o o ¢ o @

SafS « o o vt v e e et e e e e

Airfoll section . . ¢« ¢ o ¢ - ¢« o s o o

Vertical tail 1 (basic):
Leading-edge SWEED o« « ¢ ¢ o o o o o o o o
ATBB + o o o - o s o o s ¢ o o o o o o o @
Alrfoll section . . . . « ¢ & 4+ o o . .

Nacelle 1:
Length L] e L ] L 2 L ] L] L1 L] -

Maximm diameter . . « « ¢« ¢« « & « . e
Inlet diameter « « ¢« ¢« ¢« ¢« .« & . « o e
Exit diameter . ¢« ¢ ¢ ¢« ¢ ¢ o & « o

Nacelle 2:
Length . . ¢« ¢ ¢ ¢ o ¢« o o ¢ o o &
Maximum diameter « « ¢« « o ¢ o o
Inlet diameter « « ¢ ¢« ¢« ¢ o o« o &
it diameter . ¢« ¢ ¢ ¢ ¢ o ¢ o o

* L] “ L]

Necelle 3:
Iﬁmh L] . L] . L[] L] L] L] ] L] L] . [ ] [ ] L ] L[] L ] *
Maximum diameter « ¢« o ¢ o o o o ¢ ¢ o o
Inlet dlameter . « ¢« ¢« ¢ ¢ o ¢ ¢ o o o o @
Exit dilemeter .« ¢« ¢ ¢ ¢ + ¢ ¢ ¢ ¢ o o o

MODEL

COMPONENTS - Concluded

5.90 1in.
5.72 in
2.00 in.
%.16 in.
0.16 sq ft
7.80 in.
T.00 in.
2.00 in.
4,96 1in.
0.24 sq ft
0.36 sq Tt
8.13 in.
2.00 in.
1.25 1in.
1.25 in.
9.15 in.
2.30 in,
1.50 in.
1.50 in.
11.44 in
2.88 in
1.75 in
1.75 1in.

N
Q
[e]

Bk
28
8888

P W Tanin Woan Wogh ¥
=
£\

o

o O

O
- H

N

(@]
N o
AT\ e e e S e

0.08

(o)

(0.033% m?)
NACA 0009




TABLC II.- ORDINATES OF HIGH-LIFT DEVICES USED ON WING 2

x/c zy/c 2 /c
Slat

0 0 0
.01000 .03076 -.02823
.02000 .04100 -.04107
. 05000 .05923 -.05384
.07500 .07461 -.0588L
.10000 .08153 -.05653%
.15000 .09000 -.04100
20000 .09239 ~.02561
30000 .09230 0
.40000 .08730 . 02046
.50000 .08Lk61 .02576
.60000 .07192 .02823
. 70000 05615 .0257€
.800C0 04615 .01538
.90000 . 02823 .01030

1.00000 .01030 0

Vane

0 0 0
.01250 .03796 -.02685
. 02500 .05203 -.03388
.05000 . 07407 -. 04092
.07500 .09027 -.Okh72
.10000 .10972 -.04398
.15000 .12685 -.03796
. 20000 S1hhlh ~.02962
30000 .16296 -.01407
10000 16666 00100
. 50000 .16018 . 01796
.60000 SAhhky 03009
. 70000 211712 03194
.80000 .08333 03009
.90000 04500 .01796
«95000 . 02601 01074

1.00000 0 0




TABLE II.- ORDINATES OF HIGH-LIFT DEVICES USED ON WING 2 - Concluded

x/c Zy/C z, /¢
rlap
0 0.0:306 0.04305
.01000 .06805 .01833
.02500 .09166 .01078
. 05000 .11¢18 . 00660
07500 12314 0
.1Cu00 .13101 0
.15000 JdhOT7h 0
. 20000 4722 0
.30000 JAbT722 0
.L0000 3472 0
.50000 .11305 0
60000 »OghL 0
. 70000 .O7824 0
©.80000 . 04907 0
+90000 .02615 0
.95000 .01226 0
1.00000 0 0
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Figure 1.- Continued.
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FRONT VIEWS TOP VIEWS
- E e
120€%; ;
i ]
i l
Naceile | Lipof nacelle ! Max.diam.200(508) i
. located at fuseloge ¢
if‘ | Sta 3238(8225/) ___«4————1—\_
/t; [ geppp
i/ S ! e I Naceile center line 403 (10.24)
\ (442} ] from model center!ine
P - - L e — m = —

————

N //063 rod.
™ (160) |k
(2 A —_ \\
\*1,- Body | fuselage line

9./5
(2324}
Nacelle 2
Lipat nacelle 2 Mox diom 230(584)
i located at fuselage
I s10.31.70(8052, -_-_L —_—
s ;_‘ N XI __________ o L T
,/// \\\ £
o '\ 200 [P Nacelie center line 4.73 (1201)
Tt T .
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Figure 20,- Continued.
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(b) Variation of Cy, Cp, and C; with a.

Figure 22.- Concluded.
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Figure 25.- Continued.
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Figure 27.- Continued.
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(b) variation of €y with a and Cp with Cp.

Flgure 27.- Continued.




Configuration
BV, W, NoHp
GV, Wytis Hy

a — :
% 71
_A4 ——
-10 0 o 20 30 40 5C -4 0 4 . 8 12 16
a,deg ¢

(b) Concluded.

Figure 27.- Continued.
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Figure 27.- Continuecd.
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Figure 27.- Concluded.
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Configuration /s, deg
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(a) Concluded.

Figure 28.- Continued.
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(b) Variation of Cp with o and Cp with Cp.

Figure 28.- Continued.
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Figure 28.- Continued.
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(c) Variation of L/D with Cp.

Figure 25.- Continued.
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Figure 28.- Councluded.
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(a) variation of Cp with o and Cf,.

Figure 29.~ Effect of Mach number on longitudinal control effectiveness of wing 3 configura-
tion (BlVlW}“QBQ). R = 0,71 x lO6 at M= 0.20, 0.40, and 0.60; R = 0.43 x 106 at
M = 0.86 and 0.91.

T T




‘p3nuFluon -* QN Q,Hd.m.ﬂrm

*pepnIouocl (®)

bop ‘v
Qh or o0& 02 O/

oy

%
Q

%

EEmanE
| EE
%0 o W

L Bt S R
gmm

LR

bz

5&&%&@%@&@@
%ﬁﬁ@mﬁﬂﬂ@

i B B HG .ﬁsmﬁmﬂﬁﬂm 0w
4 : . & = : food ishy
e . saes Y

e mmmwwmm

T T ———
e

mﬁﬁﬁﬁ
%ﬁﬁﬁ

o/ HeNEMIN'g o
o GNEmin'g o
bop'ty wonoinbijuo)

113



Cenfiguration 1y geg
6,V Wylahy O
BV W N, 10

F B I B s e e T T 24— T T

o b LD

/6

15

3
_.4'“ i1 : Piiid R i S I i
-10 o o 20 30 10 50 -4 o 4 8 12 16
z,deg C,;
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Filgure 29.- Continued.
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(v) Concluded.

Figure 29,- Continued.
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Confrgerction  1p,deg
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(¢) variation o L/D with CL-

Figure 29.- Continued.
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(¢) Concluded.

Figure 29.- Conclucded.
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Configuration

B, Vi W, NoHp
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a,deg "
(a) variation of Cp ith o and Cr.

Figure 30.- Effect of auxilliary horizoutal teil on longitudinal aerodynamic characteristiecs
of baslc configuration (BlvlwlNgﬂg) at Mach numbers from 0.20 to .60, R = 0,71 x 106,
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Figure 30.- Continued.
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Figure 30.- Concluded.
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—-=—— Body 4 configuration
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Figure 31.- Effect of body size and shape on longitudinal stability characteristics of
basic configuration (ByViWiNgHp). M = 0.21; R = 0.78 x 10°.
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Figure 32.- Effect of nacelle position on longitudinal stahility characteristics of basic
configuration (BjViWiNpHp). M = 0.21; R = 0.78 x 106,
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- 2y 2191 (B)Vo Wi Np Hy)

L Z1/¢ =[6l (Basic cont)
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e, deg

60

Figure 33.- Effect of horizontal-tail height, at a constant pitching-moment arm, on longl-
tudinal stability characteristics of basic configuration (ByViWwiNaHp). M = 0.21;

R = 0.78 x 10% 1, = 0°.
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—Basic conf with Hp, ?"-.-0.22
\
yConfiguration with H , -‘;’-:0.30

40 60

a,deg

Figure 3L.- Effect of horizontal-tail size, at zonstant horizontal-tail arm, on longitudinal
stability characteristics of configuration ByViWjNo. M = 0.21; R = 0.78 x 106.
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